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Abstract 
Oil-water separation technology contributes to reduce the initial cost and running cost of the facilities for wastewater treatment, 
and reuse the recovered oil as valuable resources, such as edible oil under sanitalization equipment in food factory, material for 
biofuel or automobile tire. Using Value Function and Separative Work Unit (SWU) of separation engineering for the oil-water 
separation technology in the food processing factory, Naoetsu-Yushi Co. Ltd. Japan, economical advantage of the separation 
technology was clarified from the viewpoint of reducing the initial cost and running cost of the facilities for wastewater 
treatment, and reusing the recovered oil. 
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1. Introduction 
Organic wastewater including huge amounts of animal and vegetable oils causes the decrease of processing 
ability of wastewater treatment facilities. Recovering oil from wastewater prevents the blocking of the drain pipeline 
and the decreases of processing ability of wastewater treatment facilities (Asakawa et al., 2010; Sato 2009; Noguchi 
et al., 2011; Tsukii et al., 2008). Moreover, in a food processing factory under proper sanitary condition, recovered 
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oil can be used as food and oil-removed wastewater can be used as a water resource for melting snow. Then 
introducing oil-water separation technology into a food processing factory has the potential to produce a profit from 
wastewater. Furthermore, significant cost reduction of wastewater treatment facilities in the factory is expected. 
However, in the real factories, it is judged based on feelings to introduce the oil-water separation technology into the 
factory, and technical evaluation is not enough. 
This research aims to calculate the value produced by separation using the Value Function and Separative Work 
Unit, and reveal the cost recovery period of introducing oil-water separation technology and wastewater treatment 
facilities. This study can be the aid of decision-making to introduce oil-water separation technology into a food 
processing factory. 
2. Materials and methods 
2.1. Site of investigation  
The site of investigation was the food processing factory (Naoetsu-Yushi Co. Ltd. Japan) which has been 
introduced the oil-water separation technology in wastewater treatment process. The technology was developed 
based on specific gravity and flow rate control without chemical and biological treatment. The scheme of energy and 
material balances is shown in Fig. 1. This factory produced boiled chicken from culled chicken and in the process of 
boiling, wastewater was discharged with a high portion of organic oil. Oil-water separation technology recovered oil 
from wastewater and reused as fuel and oil-removed wastewater was treated within the factory and reused as hot 
water for melting snow. 
 
 
Fig. 1. Energy and material flow of the food processing factory (Naoetsu-Yushi Co. Ltd.) (Noguchi et al., 2011; Otsuka et al., 2013). 
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2.2. Structure of the oil-water separation technology 
The oil-water separation technology has some structures such as grease trap, coagulation separation, absorption 
separation and centrifugation. The structure of the oil-water separation technology uses in the factory named Grease 
ECO (Daito Giken Co. Ltd.) is shown in Fig. 2. This equipment has the mechanism of separating and recovering oil 
by specific gravity, and the mechanism of controlling and cycling wastewater. Wastewater flowed into this 
equipment was so hot about 60 °C that oil and water can be separated easily due to the difference of specific gravity. 
Wastewater was prevented from emulsify and then cost reduction was expected. 
 
                     
  
Fig. 2. The detail of the structure of the oil-water separation technology. 
(Left : The first tank, Right : The second tank) 
 
The main unit has two tanks. Wastewater flows into the first tank with controlling flow rate and it separates into 
oil-layer (upper) and water-layer (lower) due to the difference of specific gravity. The metallic rolling belt passes 
over the surface of the oil-layer and the oil adhered to the belt is scrapped off by the metallic board to an oil-
collecting box. With the control of flow rate, controlling the oil viscosity by the heated metallic board enable the 
equipment to recover oil. Wastewater from the first tank flows into the second tank. As it still contains a small 
amount of oil, two layers is formed again. However, the oil layer of the second tank is relatively thin compared with 
the first tank because most part of oil is recovered at the first tank. At the second tank, the middle layer of 
wastewater flows into the outer pipe which has the inlet passage and the thin oil layer within the outer pipe 
overflows into the inner pipe. 
At the second tank, three layers are formed. The upper layer is oil which flows from the first tank and leave to 
come to the surface. The lower layer is composed by the heavy contaminants except oil settled at the bottom. The 
middle layer includes wastewater with least amount of oil and contaminants. Then, to obtain water with high purity, 
the inlet passage is set at the middle part. 
In this way, this equipment separated oil and water without chemical and biological treatment. Using the 
difference of specific gravity and controlling flow rate, input energy to drive the machine was very low, 90 W h per 
day. And, there were no change of water quality because chemicals were not used at all and there were no seasonal 
change of treatment amount and it was easy to control treatment amount because biomaterials were not used at all. 
2.3. Evaluation method 
The evaluation was conducted by using Value Function (VF) and Separative Work Unit (SWU). SWU was the 
scale of treatment ability of separation process, widely used in the field of nuclear power engineering (Takeda 1988). 
Separation process plays a role of separate feedstock into products and wastes. So the ability of separation process 
was estimated from the difference between the value of products and wastes gained by separation and the value of 
feedstock. Then, Gp, Gw and Gs were used as volume flow rate per hour [L/h] (or [kg/h]) of products, wastes and 
feedstock respectively, and Xp, Xw and Xf  as purity [%] of products, wastes and feedstock respectively. SWU δU 
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equal to the produced value per hour was determined as below, using the function V(X) [JPY/L] (or [JPY/kg]) which 
converts each concentration X to the value (Fuchs and Peierls 1997; Bernstein 2009; Takeda 1988).      ffwwpp XVGXVGXVGU  G                                                                                                            (1) 
The function V(X) was determined as below. 
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The formula (1) consists of three modules of products, wastes and feedstock. Each module was composed as 
multiplication of the volume flow rate per hour [L/h] (or [kg/h]) and the cost per unit volume [JPY/L] (or [JPY/kg]) 
and expressed the value of products, wastes and feedstock respectively. Subtracting the value of feedstock from the 
value of products and wastes, the difference between the value of feedstock, and the value of products and wastes, 
showed the value produced by separation. 
2.4. Evaluation condition 
The oil-water separation treated in this research was to separate oil from oil-mixed wastewater using oil-water 
separation equipment, to reuse the recovered oil as resource and to reduce the work load of downstream wastewater 
treatment (Noguchi et al., 2011; Otsuka et al., 2013). Recovered oil including less water and other contaminant has a 
positive value as food within the food processing factory fully-equipped sanitary facilities. Wastewater excluded oil 
and other contaminant has a positive value as non-drinking water. On the other hand, the more increase the portion 
of water and other contaminant in the recovered oil, the less value as energy resource of food the recovered oil gain. 
And, the more increase the portion of oil in the separated water, the less value of the water gain owing to the 
increase of the work load for water purification by wastewater treatment facilities. In contrast to general separation 
which produce products and wastes from feedstock, oil-water separation produce two different products, oil and 
water from feedstock (Fig. 3). 
 
Fig. 3. Energy and material flow of the oil-water separation technology 
 
SWU of the existing investigation result using material and energy flow of the food processing factory (Noguchi 
et al., 2011, Otsuka et al., 2013) was calculated. Assuming that other contaminants in the wastewater can be 
removed easily, the wastewater was treated as containing only two resources, oil and water, and focused on the 
separation of this resource for modelling from the view point of separation engineering. In this model, the pressure 
and temperature are assumed not change before and after separation.  
GWW, GWAT and GOIL were used as volume flow rate per hour [L/h] (or [kg/h]) of wastewater containing oil and 
water, the separated water including no or less oil, and the separated oil including no or less water respectively. 
Then, SWU for oil-water separation  δUs was calculated as below based on Fig. 3. 
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Here, Vs(X) [JPY/L] shows the function which converts each concentration X to the value. XWW [-], XWAT [-] and 
XOIL [-] means the mixing ratio of oil in wastewater, correspond to concentration, the mixing ratio of oil in the 
separated water and the mixing ratio of oil in the separated oil. VF: Vs was determined based on the data from the 
hearing investigation in the food processing factory (March, 2013) to reflect the current status of a food processing 
factory.  
More, the period to recover the cost of introducing and maintaining the wastewater treatment facilities and oil-
water separation technologies from calculated SWU was clarified. In the case that the cost recovery period is shorter 
than lifetime of the facilities, it is feasible to introduce oil water separation technology.  
3. Results and discussion 
3.1. Value Function (VF) and Separative Work Unit (SWU) 
VF for oil-water separation was determined based on the data from the hearing investigation as shown Fig. 4. 
One litter of pure oil was processed by 25 JPY/L and sold by 150 JPY/L, and then the total price of oil was 125 
JPY/L. The concentration of oil was determined as above 99.70% because oil with below 0.30% of water can be 
sold as oil resource based on an empirical manner. 
 
Fig. 4. VF for the oil-water separation in the food processing factory (March, 2013). 
 
While the cost of water and sewerage in the city where the food processing factory located was 0.2 JPY/L, the 
oil-removed wastewater was hot and can be used for melting snow around the factory and its price was determined 
as 0.6 JPY/L. The wastewater standard of normal hexane (n-Hex) was 30 mg/L (Noguchi, 2012), so that wastewater 
below 30 mg/L of n-Hex was treated as non-drinking water resource at 0.6 JPY/L and above 30 mg/L of n-Hex need 
to be purified. The food processing factory had its own wastewater treatment facilities but it treated not only 
wastewater from chicken boiling line but also from another line. So it was difficult to reveal the price of purified 
water from the initial cost and running cost of wastewater treatment facilities. Therefore, the wastewater above 30 
mg/L of n-Hex was assumed to treat as industrial waste at 0.2 JPY/L. However, another confectionary maker pays 
30 JPY/L for wastewater, and it seems to differ among each case. 
Using VF, SWU was calculated with the decrease of the separation ability of the oil-water separation technology 
from 100% by 0.01% (Fig. 5). In the case of 0% and 100% of the oil mixing ratio, regardless of the separation 
ability, SWU always indicated 0 USD/L because SWU shows the value produced before and after separation and the 
oil mixing ratio 0% and 100% was pure and no need to separate. It shows that below 99.70% of the separation 
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ability decreases SWU sharply and approaches to 0. Then, it was indicated that the oil-water separation technology 
with the separation ability over 99.70% was required to produce value. This is because the oil as valuable resource 
needs to be 99.70% of purity according to the hearing investigation and below 99.69% is treated as wastewater not 
as oil. 
 
Fig. 5. Simulation result of SWU by changing mixing ratio of oil in the case of the food processing factory (March, 2013) 
3.2. Cost recovery period 
Calculated SWU shows the benefit gained by introducing the oil-water separation technology. The difference 
between output value (the benefit calculated by SWU) and input value (the cost invested for the wastewater 
treatment facilities and oil-water separation technology) indicates the value produced or wasted by introducing oil-
water separation technology into wastewater treatment system. Then, using SWU, and initial and running cost of 
facilities, the value produced per month can be clarified and the cost recovery period can be calculated. If the cost 
recovery period is shorter than the lifetime of facilities, introducing oil-water separation technology is economically 
feasible. 
In the case of the food processing factory, the cost of wastewater treatment facilities and oil-water separation 
technology was shown in Table. 1. Moreover, the result of SWU simulation of the food processing factory (the 
separation ability 99.70%, the oil mixing ratio of wastewater 10%) was calculated as 8377.9 JPY/h. Under the 
working condition of 20 days per month and 8 hours per day, SWU was calculated as 1,340,464 JPY/month. 
Excluded the running cost, the surplus was used for the cost recovery of the initial cost. 
The cost recovery period for the initial cost of the oil-water separation equipment 13 million JPY was calculated 
as 12.6 month (1 year) and the cost recovery period for the initial cost of the wastewater treatment facilities 60 
million JPY was calculated as 58.1 month (4.8 years). Totally, it took 70.7 month (5.8 years) to recover the initial 
cost of the wastewater treatment facilities and the oil-water separation equipment. 
The lifetime of the oil-ware separation equipment was not revealed in this research. It was indicated that after 
recovering the initial cost (5.8 years), the surplus which was used for recovering the initial cost was gained as profit. 
 
                  Table 1. Cost of wastewater treatment facilities and oil-water separation technology. 
 Wastewater treatment facilities Oil-water separation technology 
  Initial cost 
 [JPY] 
60 million  
(K company) 
13 million 
(Daito Giken Co. Ltd.) 
Running cost [JPY/month] 307,205 1.35 
Design wastewater flow 95 m3/day 
Actual wastewater flow 60-75 m3/day 
0
10,000
20,000
30,000
40,000
50,000
60,000
70,000
80,000
90,000
㻜㻚㻜㻜 㻞㻜㻚㻜㻜 㻠㻜㻚㻜㻜 㻢㻜㻚㻜㻜 㻤㻜㻚㻜㻜 㻝㻜㻜㻚㻜㻜
SW
U
[J
PY
/h
]
Mixing ratio of oil [%]
Price of water  0.6 JPY/L
Price of oil       125 JPY/L
ศ㞳ᛶ⬟ 100%
ศ㞳ᛶ⬟ 99.70%
ศ㞳ᛶ⬟ 99.69%
Separation ability  100%
Separation ability 99.70%
Separation ability 99.69%
73 Eriko Ankyu and Ryozo Noguchi /  Agriculture and Agricultural Science Procedia  2 ( 2014 )  67 – 73 
4. Conclusions 
In the case of the food processing factory, Separative Work Unit was determined by the decrease of the 
separation ability of the oil-water separation technology from 100% by 0.01%. Based on the hearing investigation, 
the value function was determined. Using the value function, SWU was calculated and the separation ability of oil-
water separation technology to produce value was determined as over 99.70%. Based on the results of SWU, the cost 
recovery period of the food processing factory can be revealed. This period further was used for decision of 
introducing oil-water separation technology. 
References 
Asakawa, S., Noguchi Y., Suzuki, A., Yamagishi, T., Sudo, R., 2010. Possibility of Reduction in Work Load by Introducing Front-End Treatment 
Equipment and Treatment by Small-Scale Water-Purifier Tank. Journal Japan Biological Society of Water and Waste (30), 74ˊ 
Bernstein, J., 2009. SWU for U and ME. Cornell University Library. Retrieved 6 Jun, 2013. http://arxiv.org/ftp/arxiv/papers/0906/0906.2505.pdf. 
Fuchs, K., Peierls, R., 1997. Separation of Isotopes, Selected Scientific Papers of Sir Rudolf Peierls: With Commentary (Dalitz, R.H. and S. R. 
Peierls). World Scientific series in 20th century physics, World Scientific 19, 303-320. 
Noguchi, Y., Nishimura, O., Asakawa, S., Yamagishi, T., Ootsuka, T., 2012. Current Status and Future Problems of Oil Wastewater Measures 
from Small-scale Factories. Journal of Water and Waste 54, 849-859ˊ 
Noguchi, R., Tofael, A., Takigawa, T., 2011. Resource and Energy Flow and Economic Evaluation in Food Factory: Waste Water Treatment 
System with Recovery Equipment for Animal Fat, CIGR2011, CIGR International Symposium on "Sustainable Bioproduction - Water, 
Energy, and Food", 19-23 September 2011 (Tower Hall Funabori, Tokyo, Japan), Program and Abstract, P.46 with CD-ROM Proceedings. 
Otsuka, T., Ankyu, E., Noguchi R., 2013. Study of recycling and energy transformation of recovered fat and oil from organic wastewater 
treatment. The society of Eco-Engineering 2013, Program and Abstract 23-24ˊ 
Sato, H., 2009. Utility of Sink Type Grease: Traps Having 99.5% Trap Efficiency. Environmental Management, Japan Environmental 
Management Association for Industry 45(6), 528-534ˊ 
Takeda, K., 1988. Mechanism of separation, Kyoritsu Shuppan Co. Ltd., Tokyo. 
Tsukii, S., Nakamori, H., Hirano, K., 2008. Study on the Way to Produce Biodiesel Fuel from Animal Fat. Journal of the Japan Institute of 
Energy 87, 291-296ˊ 
 
 
Accepted for oral presentation in CAFEi2014 (December 1-3, 2014 – Kuala Lumpur, Malaysia) as paper 129. 
 
